For ungulates occupying seasonal environments, natural selection likely has favored individuals that adjust timing (mean birth date) and synchrony (variance around mean birth date) of births to match favorable climatic conditions (Bowyer et al. 1998; Bunnell 1980; Rutberg 1987; Sadleir 1969 ) and the onset of nutritious forage (Bowyer 1991; Loe et al. 2005; Rachlow and Bowyer 1991; Stewart 1982) . Mountain sheep (Ovis canadensis and O. dalli) are distributed from northern Alaska to Mexico, and for these bovids timing and synchrony of births differ by latitude and elevation (Bunnell 1982; Thompson and Turner 1982) . In general, mountain sheep occupying northern latitudes and higher elevations give birth later in spring and the birthing period is constricted, thereby allowing females to exploit the shortened growing season during summer (Bunnell 1982; Thompson and Turner 1982) . Conversely, mountain sheep occupying southern latitudes give birth in almost any month, ostensibly because of a less-The genetic composition of a population has been implicated as a driver for timing and synchrony of births in reintroduced bighorn sheep. Timing of births was 9 days earlier in a population of bighorn sheep in which females were more genetically heterogeneous compared with other individuals (Hogg et al. 2006) . One population of Rocky Mountain bighorns in New Mexico that came from Alberta, Canada shifted parturition so all births occurred in June, whereas their source population gave birth in late May (Hass 1997) . Inclement weather and lack of nutritious forage for lactating mothers could have selected against early-and late-born neonates during the 1st 10 years following their release (Hass 1997) . Also, differences in timing of parturition were reported for bighorns in 14 indigenous, transplanted, and captive (in zoos) herds throughout North America, indicating a potential genetic predisposition for seasonality of births (Hass 1997) . Consequently, Hass (1997) recommended that this genetic predisposition for timing of parturition be considered when reintroducing bighorns.
Genetic composition of animals coupled with behavioral plasticity can allow females to adjust birth dates to respond to environmental changes and to novel environments. After 2 years in a new environment red deer (Cervus elaphus) adjusted the timing of parturition by 6 months to coincide with the birthing period of the location of introduction (Marshall and Cambridge 1937) . Likewise, moose (Alces alces), fallow deer (Dama dama), Rocky Mountain elk (Cervus elaphus nelsoni), whitetailed deer (Odocoileus virginianus), thar (Hemitragus jemlahicus), and chamois (Rupicapra rupicapra) captured in the Northern Hemisphere and introduced to New Zealand all adjusted their timing of births to occur in spring and early summer in New Zealand, which was 6 months different from their capture locations (Marshall and Cambridge 1937) . Bighorns captured in British Columbia, Canada, and reintroduced to Oregon initiated parturition at the same time as their source population the 1st year after release; in subsequent years the birthing period started 2-3 weeks later (Deming 1963) . In another study a reintroduced bighorn that was 5 years old gave birth on approximately 26 October (McCoy et al. 1995) . That birth occurred 6 months after the parturition period of other females reintroduced to that area. The following year that female gave birth in synchrony (April-June) with the other females, indicating substantial plasticity in timing and synchrony of parturition for an individual (McCoy et al. 1995) . These shifts in reproductive period indicate the plasticity in the birthing period for ungulates and the dramatic adjustment of these life-history events around environmental conditions of release sites. Strong evidence exists that phenomena related to parturition and subsequent maternal care represent an adaptive pattern and not just environmental tracking (Rachlow and Bowyer 1994) .
A need exists to investigate the behavior of reintroduced mammals that are naïve to their surroundings (Griffith et al. 1989; Krausman 2000; Seddon et al. 2007 ), especially when survival or reproductive rates are low as animals become accustomed to conditions of their release site (Armstrong and Seddon 2008) . Rocky Mountain bighorns captured in dissimilar source populations and released to adjacent areas allowed us to test effects of environment and genetic predisposition on timing and synchrony of parturition and survivorship of young in populations with differing birth dates. If timing and synchrony of parturition were influenced primarily by a genetic predisposition (Hass 1997) , we would predict that reintroduced bighorns would give birth during the birthing period of their source populations and maintain that birthing period after reintroduction. Conversely, if females were able to adjust timing and synchrony of births to conditions of release sites, we would predict that the parturition period for these neighboring populations would synchronize, presumably to coincide with the local environment. To ensure that differences in timing and synchrony of parturition were not related to differences in habitat use, and to infer that bighorns were using forage with similar phenological development, we tested for differences in annual use of slope, aspect, and elevation between populations during the 1st 4 years after reintroduction. Finally, we predicted that the population with early-born young would enjoy greater survival compared with the population with late-born young. Both timing and synchrony of births are emergent properties of populations; therefore, we tested for population-level differences in survivorship of young to their 1st winter between areas with different timing and synchrony of births to evaluate potential fitness consequences of differing birth dates.
MATERIALS AND METHODS
Study area.-All indigenous populations of Rocky Mountain bighorn sheep were extirpated in northern Utah by the 1930s (Buechner 1960; Dalton and Spillett 1971; Smith et al. 1988) ; therefore, we estimated birth dates in 2 reintroduced populations of bighorns separated by 13 km on Mount Timpanogos and in Rock Canyon of northern Utah. Elevations ranged from 1,388 to 3,582 m. Mean maximum temperature in summer reached 27uC, whereas the mean minimum temperature during winter dropped to 3uC. The area received mean annual rainfall of 51 cm and a mean yearly snowfall of 145 cm (Provo, Brigham Young University, Utah weather station; Western Regional Climate Center, http://www.wrcc.dri.edu/ cgi-bin/cliMAIN.pl?ut7064). The flora of Mount Timpanogos and in Rock Canyon was similar, and greater detail of the areas is provided elsewhere .
Study populations.-Five groups of bighorns were released on Mount Timpanogos. In January 2000, 25 bighorns (6 males, 16 females, and 3 young) were reintroduced from Rattlesnake Canyon, Utah (39u339N, 110u239W) . That source population originated from reintroductions of animals captured in Wyoming in 1970 and 1973 Two reintroductions occurred in Rock Canyon. In January 2001, 22 bighorns-4 males, 15 females, and 3 young-were captured near Hinton, Alberta, Canada and released at the mouth of Rock Canyon. Unfortunately, the average birthing period for that population was not known, but the estimate of the range of births for females was late May to mid-June (J. Kneteman, Fish and Wildlife Division, Alberta Sustainable Resource Development, pers. comm.), which coincides with the birthing period of other populations of bighorns in Alberta (Festa-Bianchet 1988a) . Also, in January 2007, 5 females were captured near Sula, Montana and 5 females were captured near Augusta, Montana (47u299N, 112u239W) and released near the mouth of Rock Canyon. All bighorns released in 2007 were marked with 2 colored ear tags. As with the Mount Timpanogos population, we did not include birth dates of young born to females from the 2007 Montana and Colorado reintroductions in our analysis. Wildlife biologists from the Utah Division of Wildlife Resources, which held the necessary permits, exercised care in capturing, handling, and applying radiotransmitting collars before the authors conducted research. All methods were in keeping with guidelines adopted by the American Society of Mammalogists for research on wild mammals (Gannon et al. 2007 ). During our study the mean (6 SD) number of bighorns on Mount Timpanogos was 31 (6 3.6) and 38 (6 11.1) in Rock Canyon.
Before reintroduction, sex was determined for all bighorns, and age was estimated from counts of horn annuli (Geist 1966) . Females .4 years old were designated mature, and the average age of reintroduced females for both populations was 4 years old. Forty-one individuals were fitted with radiocollars (31 on Mount Timpanogos and 10 in Rock Canyon). Additionally, the initial 22 bighorns introduced to Rock Canyon were marked with blue ear tags. Although males in some populations of bighorn can make extensive movements for mating (Bleich et al. 1997) , radiocollared bighorns in our study did not mix between populations, except for 1 female on Mount Timpanogos that moved between areas from 2000 to 2002. Annual counts for each population revealed no large increase or decrease in population numbers, and ear-tagged individuals from Rock Canyon never were observed with those on Mount Timpanogos. Moreover, State Route 189 separates the range of both populations and was considered a barrier to major movement of bighorns (Epps et al. 2005; Smith et al. 1991 ). Thus, we assumed populations were demographically independent.
Determining dates of parturition.-We assumed that 95% of adult females were pregnant (Berger 1991; Festa-Bianchet 1989; Jorgenson 1992 Moreover, a mean (6 SD) of 14 (6 3.6) females occurred on Mount Timpanogos, and 16 (6 2.4) occupied Rock Canyon during our study; low numbers of females facilitated our observation of those animals. We observed several neonates ,24 h old, and other birth dates were estimated on the basis of behavior of females before, during, and after parturition. We also used 1st sighting, motor ability, size, and behavior of neonates to estimate age (Whiting et al. 2008 . To determine birth dates for neonates of uncollared females we compared their young to neonates of estimated ages of collared females when uncollared and collared females congregated in nursery bands after parturition (Côté and Festa-Bianchet 2001; FestaBianchet et al. 2000; Whiting et al. 2008) . We exercised care not to disturb females with young (Gannon et al. 2007; Rachlow and Bowyer 1991) . Data regarding timing of births in Rock Canyon during 2001 to 2003 were modified from Whiting et al. (2008 , and data regarding timing of births on Mount Timpanogos from 2002 to 2003 were modified from .
Habitat use.-We quantified habitat use year-round by relocating collared bighorn sheep using radiotelemetry equipment (TR-2, Telonics Inc., Mesa, Arizona), binoculars, and spotting scopes from June 2000 to December 2004. These observations were imported into ArcView 3.2 and superimposed onto topographical maps . We then overlaid these maps with 10-m-resolution digital elevation models, and each bighorn sheep location was ascribed a value for degrees of slope and aspect, and elevation in meters .
Survivorship of young.-During winter bighorns used areas at low elevations on southwest-facing hillsides, which facilitated their relocation. We searched areas used by bighorns from 1 October to 31 March (Festa-Bianchet 1988a) to determine an index for the number of young that survived to their 1st winter (Whiting et al. 2008) . We tallied the highest count of young observed during winter (Jorgenson 1992; Roy and Irby 1994) and compared that value with the number of young born in the previous spring to calculate a proportion of neonates that survived to their 1st winter (Clutton-Brock et al. 1987) . Our calculations of survivorship of young might have included neonates born to mothers that we did not use in our calculations of timing and synchrony of births (i.e., 12 young born to females from the 2001 Alberta and 2002 Montana reintroductions); however, this outcome should not affect substantially measures of survivorship because of the high percentage (67%) of females in the populations we sampled.
Statistical analyses.-We were not able to identify individuals consistently, and lack of independence was problematic for comparisons of birth dates between areas and over years, because multiple neonates were born to the same females throughout the study. Therefore, we compared birth dates of young at the level of the population (Whiting et al. 2008 . The mean and variance of birth dates are emergent characteristics of the population that incorporate individual timing of births. We estimated birth dates of young, pooled them into sampling intervals, and calculated corrected means (timing of births) and SD (synchrony of births- Johnson et al. 2004; Whiting et al. 2008 ). This calculation is a robust technique that allows comparison of unequal sampling intervals (bin sizes) in determining timing and synchrony of births (Johnson et al. 2004 ). We used corrected means (Julian date) and SEs to construct 95% confidence intervals (CIs) to test for differences between timing of births between areas for each year (Whiting et al. 2008 ). This test is especially appropriate for our data where we could not recognize individuals, because it allows sampling with replacement, even among years (Remington and Schork 1970) . In our analysis we eliminated 1 outlying birth date (,1% of all observations) that was .2 SDs from the mean, because this point could have influenced the mean and variance disproportionately. To test if timing and synchrony of births converged we used Spearman rank correlation (r s ) comparing the differences in mean dates of birth and coefficients of variation (CV) between populations with year since reintroduction. We used multivariate analysis of variance (MAN-OVA) with population (Mount Timpanogos and Rock Canyon) as the independent variable, and slope, aspect, and elevation as dependent variables to determine if the Mount Timpanogos bighorn sheep used different habitats compared with bighorns in Rock Canyon. We used the 2-sample Z-test for proportions (Zar 1999) , which allows sampling with replacement, to investigate the hypothesis that fewer young survived when parturition periods differed (Fig. 1) ; however, females on Mount Timpanogos gave birth earlier in 2007 compared with females in Rock Canyon (Fig. 1) The relationship between differences in mean birth dates between populations and time since reintroduction was marginally nonsignificant (r s 5 20.75, n 5 7, P 5 0.075), whereas differences in synchrony of births between populations was negatively related to time since reintroduction (r s 5 20.96, n 5 7, P 5 0.005), indicating that timing and synchrony of births were synchronizing between populations (Fig. 2) .
Habitat use.-We observed 920 groups of bighorn that were used to compare habitat use between the 2 populations, 551 on Mount Timpanogos and 369 in the Rock Canyon. The Mount Timpanogos population used areas with a mean slope of 33u (SD 5 6u), aspect of 223u (SD 5 103u), and elevation of 2,003 m (SD 5 301 m). Bighorns inhabiting Rock Canyon used areas with a mean slope of 35u (SD 5 11u), aspect of 216u (SD 5 177u), and elevation of 1,981 m (SD 5 515 m). These populations used significantly different slopes (MAN-OVA F 1,918 5 16.26, P , 0.001), but we considered a difference of 2u in slope biologically unimportant. The use of aspect (MANOVA F 1,918 5 0.52, P 5 0.471) and elevation (MANOVA F 1,918 5 0.51, P 5 0.474), which are closely linked to plant phenology, did not differ statistically between populations.
Survivorship of young.-We observed 270 groups of bighorns on Mount Timpanogos and 213 in Rock Canyon to determine the proportion of young that survived to their 1st winter for each population. Survivorship of young was almost twice as high for females in Rock Canyon that gave birth on 
DISCUSSION
During 3 of the first 4 years of our study, timing of parturition for female bighorns on Mount Timpanogos was significantly later than for females in Rock Canyon. During the 5th and 6th year, however, periods of parturition for both populations overlapped, and during the 7th year females on Mount Timpanogos gave birth earlier than females in Rock Canyon. Furthermore, differences in mean birth dates between populations were marginally nonsignificant with time since reintroduction, whereas differences in synchrony of births were negatively related to time since reintroduction, indicating a potential synchronization of these life-history characteristics to environmental conditions of the release site. In other studies young of reintroduced bighorns exhibited different birth dates compared with neonates of females from their source herd 10 (Hass 1997) and 22 (Berger 1979 ) years after release. Hass (1997) indicated that birth dates could have been genetically fixed and that directional selection presumably eliminated early or late born young. These investigators, however, were unable to document shifts in birth dates within the first 10 years after release of those animals. Whether females adjusted birth dates to local environmental conditions of the release site or if birth dates were genetically fixed and early and late born young were selected against in those populations is uncertain. Our results provide support for the prediction that females adjust timing and synchrony of births to novel environmental conditions of release sites, because the parturition period for neighboring populations we studied ultimately synchronized. We believe it unlikely that natural selection could have brought about such a dramatic change in so short a time during our study.
Age of females (Adams and Dale 1998; Bon et al. 1993; Loe et al. 2005; Mitchell and Lincoln 1973) , a low ratio of males to fecund females, and mating by young males (Holand et al. 2003; Mysterud et al. 2002; Noyes et al. 1996 Noyes et al. , 2002 can influence timing and synchrony of births in ungulates. For bighorn sheep females 3 years old gave birth significantly earlier than 2-year-olds (Festa-Bianchet 1988b) . In our study only 6 parturition dates could have been from 2-year-old females; the remainder of the neonates were offspring of females 3 years old. Thus, age did not influence substantially the average birthing time in the populations we studied. Additionally, low male-to-female ratios and mating by young males had no demonstrable effect on timing and synchrony of births for females in Rock Canyon and in another population of reintroduced bighorns near our study areas (Whiting et al. 2008) . The average male (.2 years old)-to-female ratio for the release in 2000 on Mount Timpanogos was 0.38, and large males (.5 years old) occupied Mount Timpanogos during our study. Therefore, the ratio of males to females, and male age, most likely did not influence timing and synchrony of parturition in that population.
Density-dependent factors also can influence birth dates in ungulates (Clutton-Brock et al. 1987 , 1989 Festa-Bianchet 1988a; Keech et al. 2000; McCullough 1979) . During our study the mean number of female bighorns on Mount Timpanogos was 14 and 16 in Rock Canyon. Those animals were reintroduced recently, comprised a low number of individuals, and experienced high pregnancy rates (Whiting et al. 2008); therefore, density-dependent processes probably did not influence the birthing period in the females we studied.
Slope, aspect, and elevation can produce topographical differences in snow accumulation (Loe et al. 2005) , soil moisture, and plant communities (Douglas 2001) . The onset of parturition can be delayed in mountain sheep as elevation increases (Bunnell 1982; Stewart 1982; Thompson and Turner 1982) . The converse holds for bighorns at lower elevations (Deming 1963) . Moreover, differences in use of habitats on winter range (Wehausen 1996) and forage condition (Reimers et al. 1983) can influence timing of parturition. The disparity in the parturition period we documented could have been influenced by dissimilarities in temperature, photoperiod, weather, slope, aspect, and elevation between study areas, thereby producing different forage phenology and condition. The proximity (13 km) of these reintroduced populations of bighorns, however, makes it unlikely that they experienced different temperature, photoperiod, and weather. Moreover, these populations used comparable habitat (slope, aspect, and elevation) within the first 4 years following reintroduction. Therefore, habitat use and phenological development of forage likely did not influence parturition times.
Bighorn sheep on Mount Timpanogos came from Rattlesnake Canyon, which is located along the Green River of eastern Utah. The climate in Rattlesnake Canyon is more arid and variable than on Mount Timpanogos. We hypothesize that the initial variation in birth dates that occurred with females on Mount Timpanogos was related to climatic conditions at their capture location (Rattlesnake Canyon). A comparison of the birth dates for the Mount Timpanogos bighorns with their source population revealed a similar parturition period during all years of the study, except during 2005 and 2007 . Mountain sheep at northern latitudes are much more likely to be sensitive to climatic variability (Rachlow and Bowyer 1991) . We hypothesize that the initial reduced variation in birth dates for females in Rock Canyon was related to the sensitivity of those animals to climatic variability. Mean birth dates for females in Rock Canyon were significantly earlier than their source population in Alberta during the first 5 years. Many ungulates have adjusted timing of births to release sites (Deming 1963; Marshall and Cambridge 1937; McCoy et al. 1995) . Our results indicate that the period of parturition for these females was not controlled completely by genetic predisposition, because females adjusted and synchronized the timing of parturition after reintroduction. Perhaps, females adjusted the length of gestation, which has been documented in other ungulates (Berger 1992; Guinness et al. 1978a; Rachlow and Bowyer 1991; Schwartz and Hundertmark 1993) .
In ungulates late-born neonates have decreased survival to their 1st winter (Clutton-Brock et al. 1987; Festa-Bianchet 1988a; Keech et al. 2000; Rubin et al. 2000) , reduced survival to yearling age (Clutton-Brock et al. 1987; Guinness et al. 1978b) , and reduced future reproductive potential (FestaBianchet et al. 2000; Keech et al. 2000; Reimers et al. 1983) . Increased survival of young to their 1st winter in Rock Canyon occurred during years of our study when those young were born significantly earlier compared with young on Mount Timpanogos. We are uncertain what caused the decline in survival of young in Rock Canyon when birth dates were similar between study populations. Many factors can influence the survivorship of young to their 1st winter in reintroduced populations of bighorns (Rominger et al. 2004; Smith et al. 1988) . Our results indicated that neonates that were born late on Mount Timpanogos had lower survival to 1st winter when birth dates were different. We hypothesize that population growth for the Mount Timpanogos herd could have been hindered (Bunnell 1982; Guinness et al. 1978b; Mitchell and Lincoln 1973; Thompson and Turner 1982) . These hypotheses, however, need further testing.
Bighorn sheep are one of the rarest ungulates in North America (Valdez and Krausman 1999) , with some populations listed as endangered (Krausman 2000; Schroeder et al. 2010) . Small populations of bighorn sheep are more susceptible to extinction than larger populations and need enhanced management to increase their probability of persistence (Berger 1990 (Berger , 1993 Goodson 1994) . Although the number of females we sampled in each year was small (because of the size of the reintroductions), we estimated birth dates for 67% of females in both populations. Similar sample sizes for birth dates of young have been used in previous studies to document the importance of timing of births in ungulates (Bowyer 1991; Bowyer et al. 1998) . Reintroductions of bighorns are the primary way in which biologists and conservationists have restored populations of these animals in Utah (Smith et al. 1988 (Smith et al. , 1991 . From 1966 to 2006, of 29 reintroductions in Utah, the average number of animals released initially was 20 (range 5 4-58), and during 14 of those reintroductions the mean number of females released was 16 (range 5 8-33). Our sample sizes were consistent with those of other populations of reintroduced bighorn sheep in Utah and therefore are relevant for understanding the conservation of small, reintroduced populations.
Reintroductions are a critical component of sound wildlife management (Armstrong and Seddon 2008; Krausman 2000; Seddon et al. 2007) , and bighorn sheep reintroductions are a frequently used management tool to re-establish populations across their historic distribution (Krausman 2000; Roy and Irby 1994; Singer et al. 2000) . The literature is sparse on comparing timing and synchrony of parturition between neighboring populations of reintroduced ungulates. Our study provided a unique opportunity to compare these life-history events between 2 populations of mammals in proximity. Our results indicated that reintroduced females adjusted timing and synchrony of parturition to environments of their release sites. Environmental conditions of the release site can override the potential genetic predisposition for timing and synchrony of parturition for reintroduced bighorns. Moreover, if phenotypic plasticity resulted in optimal timing and synchrony of births to local conditions, these outcomes should reduce effects of natural selection on timing and synchrony of reproduction. Long-term monitoring of multiple reintroduced populations and comparisons of timing and synchrony of births from populations of reintroduced animals with more individuals would allow additional tests of these hypotheses. Clearly, more research is warranted on the timing and synchrony of births in ungulates and how differences in this life-history event influence survival of young and growth of reintroduced populations of these mammals.
